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THE MAN/MOS PROGRAM 

Alexander E. MacDonald 
Scientific Services Division 

National Weather Service Western Region 

ABSTRACT. The MAN/MOS Program was instituted in 
late 1975 to improve forecasting by making more 
effective use of MOS and to determine if WSFOs 
could significantly improve on MOS guidance. A 
complete description of the methods and result~ 
of the program through the end of 1976 is given. 
Methods used included Cl) encouraging more meteo­
rological reasoning, (2) more careful use of MOS, 
(3) fostering competition among WSFOs for improve­
ments over MOS, and (4) rapid feedback techniques. 
Two seasons of PoP verifications are presented · 
which show substantial Improvements over MOS for 
Western Region WSFOs, and increased ski I I in 
comparison with previous years. A eel I ing and 
vls~bi I lty vef1flcatlon~is presente~ which sho~s 
WSFOs producing a much more useful product than 
MOS. l t Is cone I uded ·that the methods of the 
program were successful in improving forecasting, 
and that WSFOs can sti I I make substantial improve~ 

ments on currently avai !able statistical forecasts. 

I. INTRODUCTION 

The genesis of the MAN/MOS Program was to answer the question, "Can 
WSFOs make significant improvements on computer produced statistical guld­
ance?11 In recent years statistical forecast schemes developed by Tech­
niques Development Laboratory CTDL) have shown significant improvement. 
For example, In Figure l it can be seen that statistical precipitation 
probabi llties. scored by the Brier P score (Brier, 1950) (solid. bars) 
improved from about 17% ov.er cJ imatology in the period from 1970 to 1973, 
to over a 25% improvement in the winter of 1974-1975. Forecasts issued 
by Western Region WSFOs in the same period showed less of an improvement; 
by cool season 74-75 the WSFOs showed neg I igible improvement over the 
statistical technique. This is quite surprising since the forecasters 
have the statistical forecast in hand when they make their forecasts; it 
raised the question of whether the human forecaster should be devoting 
time to make such marginal improvements. The idea had particular force 
in the second (12 to 24 hours) and third (24 to 36 hours) period forecasts 
where MOS (Model Output Statistics; henceforth,used synonimously with the 
"statistical techniques!!) did even better vis-a-vis the WSFO forecasts. 
Forecasters, it was contended, should concentrate on their warning respon­
sibi litles and the first period (0 to 12 hours), accepting the MOS fore­
casts. without modification in the later periods. 



Conversely, there were others who contended that the meteorologists can 
and should make significant improvements over MOS, even in the later periods. 
A study done in late 1975 by Scientific Services Division CSSD) indicated 
that Western Region forecasters, while generally deviating from MOS in the 
right· direction, tended to go too far; it suggested the forecasters were 
not using MOS to maximum advantage. A program, which became known as the 
MAN/MOS Program, was instituted with two major purposes in mind: 

I. To improve forecasting by stimulating more effective 
use of MOS guidance. 

2. To determine if WSFOs can significantly improve on 
MOS guidance. 

This Technical Memorandum presents the methods and results of the two 
main components of the program: Sections I I and I I I discuss the methods 
and results of the PoP verification, and Section IV discusses the program 
to verify aviation forecasting Ci .e., cei I ings and visibilities). 

I I. METHODS OF THE PoP VERIFICATION PROGRAM 

Probabi I ities of precipitation are generally the most significant of the 
numbers routinely issued by forecast offices. The verification system used 
for PoPs, the Brier P score (Brier, 1950), is excel lent because it can't 
be "played" (Brier, 1950; Hughes, 1967) and has been shown to be "proper" 
(Murphy and Epstein, 1967). Therefore, a I though the thrust of the program 
was directed toward PoPs, it is felt the results would have been simi Jar 
had temperature or some other forecast parameter been chosen. 

It is clear from the stated purposes of the program that its essential 
goal was to improve PoP forecasting. The methods used can be separated 
into meteorological and administrative aspects: 

A. Meteorological Methods. 

The first question t0 be answered was, "Have the WSFOs been deviating 
from MOS in the right direction Con the average)?" 

I. The Progressive Truncation Study. 

To answer this question, a study was undertaken of PoP data 
from the winter of 1974-1975. The study involved a Brier 
score verification, comparing WSFO PoP forecasts with MOS 
PoP forecasts. They were initial Jy verified as given by the 
WSFO; and then they were progressively truncated such that 
their absolute difference from MOS was smaller and smaller. 
For example, suppose that the MOS PoP for a certain period 
was 80% and the WSFO PoP was 20%. For an "allowed variation" 
of 60 or greater the WSFO PoP would not be modified (80% -
20% = 60%); but for anal lowed variation of 50, the WSFO PoP 
wou I d be scored as if it were issued as a 30% C 80% - 30% =· 50%). 
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A graph of this Progressive Truncation is shown in Figure 2; 
the results of the study are shown on the I ine labeled 1975. 
The ordinate of the graph is given in terms of percent 
improvement over MOS. For large values of the allowed varia­
tion (right portion of the abscissa), such as 60 and 70, the 
score can be interpreted as the actual (unmodified) comparison 
between WSFO and MOS scores. This is because it was quite 
rare for a WSFO to deviate as much as 60 or 70% from MOS. 
Averaged over the three periods, the Western Region WSFOs had 
only a very slight improvement over MOS. As the aggregate of 
forecasts are modified toward MOS, it is evident that the 
maximum improvement over MOS occurred for a truncation of a! I 
forecasts greater ttiari 20% from MOS, In other words, if there 
had been a ru I e which said, 11Western Region forecasters w i I I 
not differ more than 20% from MOS 11

, the WSFO PoPs would have 
verified substantially better than they did. The maxima is 
"The score the 'tJSFOs cou I d have had by more effective use of 
MOS". As the WSFO PoPs are truncated c I oser to ~~OS their 
score decreases; for an a! lowed variatjon of O% the score must 
be the same as MOS. 

The 1975 lines on Figures 3a, 3b, and .. 3c show the same infor­
mation stratified into the first, 5econd, and third periods. 
Figure 3a shows the first period to have maximal improvement 
with allowed variation of 20%, with about the same improvement 
for allowed variation of 30%. In the second period (Figure 3b) 
there was maximal improvement tor variations of 10 and 20%, 
and in th~ third period the improvement would have been greatest 
i t the 'v~S FO to reca sters had I i m i ted themse I v es to I O% deviation 
from MOS. These results show that the ability of the forecasters 
to deviate successfully was I imited to 30% the first period, 
20% the second period, and I O% in the third period. It became 
known as the 30-20-10 rule. 

The Progressive Truncation Study identified two important 
characteristics of the PoPs being issued by WSFOs. First, as 
demonstrated above, the abi I ity of the forecasters to deviate 
successfully from MOS decreased with longer forecasts. 
Secondly, and of more significance, was that the WSFOs were 
dE:)viating' in the·proper direc:tion; they ·just tended to go. too­
tar. It strongly suggested that if MOS was used more effectively, 
the improvement over MOS made by WSFO forecasters would improve 
substantially. 

2. The Forecast Process. 

The Progressive Truncation Study gave evidence of a certain 
type of forecast process. The forecaster looks at the situa­
tion, with MOS considered as just one piece of data to be 
assessed along with other factors. He arrives at his PoP 
with MOS considered, but not necessarily a dominant factor. 
However, the Progressive Truncation Study clearly identified 
this type of forecast process deticient--'MOS was not accorded 
the significance it deserved. 
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Thus, as part of the MAN/MOS Program, SSD suggested that the 
WSFO forecasters take a new approach to their PoP forecast­
ing: the forecast process should begin with the MOS PoP. 
Only in cases where the forecaster had very good reasons 
should he depart significantly from MOS; when he was unsure, 
he should "cozy-up 11 to MOS. 

Although initially it was though unwise to deviate more than 
allowed by the 30-20-10 rule~ it soon became apparent that 
there were situations which warranted drastic differences 
from MOS. The results (discussed in Section I I I) supported 
this idea. 

3. Methods for Improving on MOS. 

Beginning before, and ultimately as an integral part of the 
MAN/MOS Program, SSD conducted a program to help forecasters 
better understand the weaknesses of ~10S. For example, if 
the numerical model which MOS uses was seriously in error 
due to poor initialization, then the associated MOS PoPs 
should be modified accordingly. This and other ideas were 
promulgated through a series of Technical Attachments, 
station visits and a videotape (Use of MOS PoPs, produced 
by Carl Bullock of SSD). 

4. Meteorological Basis. 

It should not have been surprising that the meteorologist 
could on the average deviate successfully from the statis­
tical forecast scheme. He is privy to much information 
which is not avai !able to the statistical forecast. A 
notable example of this Is sate! I ite pictures. The 
appearance, development, and movement of cloud systems are 
types of information which are very useful to the human 
brain, but which are difficult to quantify for use in nume­
rical models. Similarly, strong local effects can be 
advantageously used when the meteorologist is cognizant of 
deficiencies in the developmental sample. 

In the future, deve1opments, such as animation of satel I ite 
pictures and prognoses, as wei I as other appl !cations of 
advanced technology (e.g., use of on-station minicomputers) 
should continue to give WSFO forecasters an edge over statis­
tical techniques. 

B. Administrative Methods. 

Administrative methods were also used in the MAN/MOS Program. 
Chief among these was the communication through the organization 
to the operational forecasters the objectives of the program. 
Para I lei to this other methods were used: 
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1. Computer Scoring System. 

The most important administrative innovation of the program was 
a computerized system for rating the WSFOs competitively in 
terms of improvement over MOS. Forecasts for two stations 
were scored for both the 9 GMT and 21 GTM forecasts at each 
WSFO. Table I is a I ist of the stations scored; one station 
is the WSFO location, and the other was chosen to represent 
a different weather regime within the WSFO forecast area. The 
data campi lation and computer program were accomplished by SSD. 

WSFO 

Port I and 

Phoenix 

Salt Lake City 

Seattle 

Los Angeles 

San Francisco 

Reno 

Boise 

Great Fa I Is 

TABLE. I 

IDENTIFIER 

PDX 

PHX 

SLC 

SEA 

LAX 

SFO 

RNO 

BOI 

GTF 

*Kal ispel I, Montana, was used in cool season. 

SECOND STATION 

Medford, Oregon 

Flagstaff, Arizona 

Cedar City, Utah 

Spokane, Washington 

San Diego, California 

Red Bluff, California 

Las Vegas, Nevada 

Pocate I I o, Idaho 

*Missoula, Montana 

Table I. The stations used in the MAN/MOS PoP Program were the 
WSFO I isted, plus a second station in each WSFO's area of 
responsibi I ity. 

Tab I e 2 is a copy of· the rating. form·wh i ch was updated·· and sent to 
a I I WSFOs weeki y. I n the ... up·per section each WS FO is. I i sted, a I ong 
with the Brier scores for WSFO (column labeled FCST) and MOS 
(column labeled·MOS) forecasts, the improvement of the WSFO over 
MOS (column labeled IMPR/MOS; units are percent) and the number of 
forecasts (N) for each period . 

In the middle section the WSFOs are ranked according to improve­
ment over MOS for each period, and in the bottom section the 
tota I Brier scores and improvement over ~JJOS for a II three periods 
are shown~ with the WSFOs I isted by rank. 
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fiAN/fotO.S SLIH'rlfiC HRVICES llrT 4 197o THRU o~AN 30 I 971 D.\TE 

PEIIIOCJ I PERfDD 2 PERIOD 3 
• fC S T HtiS 114Pil/HUS N o FCSl HOS IHPR/HOS N o FCST ~ !lS . I HPR'/1\0S N 

HA .096 , I 115 11.7 47b • 109 .)2) )J .6 476 ,J 17 .132 II .9 471> 
sn 1 ,044 ,046 5, I 471> 'Ot.l .063 3,0 471. ,Obi ,Ob4 4.8 476 
C.lf .08:1 .·lb9 )0.4 ~7.() .o•n .099 2.3 476 .I 0 3 .l 04 I .8 476 
Pl.' X .07'i .ll'il ]9 .o It 1b .0!13 .o •)It 4 .9 4lb .100 .ll2 1 o .a lt1b 
HO .027 ,033 20 .I 4 7b .030 .0.~4 9. 7 476 .045 .053 14.7 476 
LA~ .041> .053 1"1.9 471> .010 .067 ! 0.3 4711 .01>4 .070 7.9 '•16· 
RNfl ,OlR .on 111.2 4 7t. ,024 .ns 3 .! it1b .028 .02b -10.0 '•1b 
SLC .028 .0~1 7.8 47b .03~ .037 6 .2. 4 76 .038 .039 1.4 471> 
Pit X .041 .o .. s 9.3 47b .051 .O!i2 I • 5 4 71> ,053 .os 9 9.5 471> 

TUTAL .O~•l ,l)!i"/ 12.0 '• 2 64 ,I){.;> .~H 1>.2 4284 .068 .073 7.4 4/ Sit 
Q¢O~ooo~o~~o~ooo~ooooogo~~oo4oto~o¢0~4'Q*¢Oooqoo•oo•~oo•ooooo~ooo4•oooooooo~oooooo•ooooooooo~oo40004 

ll'HO STANOJ~GS 
HRIUO J PERillO 2. PERf DO 3 

1 5FO I SEA 1 HD 
~ RNO 2 lAX 2 SEA 
3 POX 3 SfO 3 POX 
4 LAX 4 HC 4 PttX 
., C.lf S POK 5 lAX 
b PHX b RND b BUI 
1 HA 7 1<01 7 Glf 
8 SL C 0 (,lf 8 SLC 
9 Ulll 9 I' H)( 9 RNO 

oooo~~ooQ~ooooooeogoo~ooQoooo¢~oooooo~~ooooocooQ~c~ooooo~oooo~•voo•oqo*oooooc•oooovooc•~4o#ooooo~oo~ 

WHO STANOINC.S ITUTAL I 
RANk SlA FP HOS JM/HOS N 

l ~HI .034 .040 14 .II 1428 
2 SH .I 07 .J 2(1 JO,ll 142 8 
3 I'D X .0119 .•• 00 10.£1 1428 
4 I. AX .057 .01>3 I 0.4 1428 
5 I' H)( .(148 .052 b.ti 1428 
b SLC .034 ,036 4.9 1428 
7 (,lf .093 .O'lll 4 .b 1428 
H t•ru .05!1 .057 4.2 142ft 
9 RNll .023 .024 2.9 1428 

HI TAl .01>0 .Ol•b 8 .4 12852 

Table 2. Example of MAN/MOS verification update which was sent 
weekly to WSFOs. 

2. Competition. 

The weekly ranking system fostered competition among WSFOs 
to improve over MOS. The primary competition was with MOS: 
A runner generally makes better time against another runner 
than he does running alone. 

As stated in the Introduction, a major purpose of the program 
was to encourage more effective use of ~10S; it was to be the 
first and most important item considered in the forecast 
process. The realization by a forecaster that his product 
would be measured with reference to MOS accomplished this end: 
After the competition began, forecasters didn't always agree 
with MOS, but it was evident they were looking at it much more 
carefully. 
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3. Feedback. 

It has long been known by psychologists that feedback 
is useful in Improving performance; the more rapid the 
feedback, the more effective it is. 

The MAN/MOS Program made use of this in two ways: 
First, a I I WSFOs were encouraged to deve 1 op forms to 
tabulate their forecasts and those of MOS on a running 
basis. In addition, SSD mailed each WSFO a tabulation 
of their forecasts and errors along with those of MOS 
every week. Figure 4 is an example of this form. In 
addition to being useful as feedback, it allowed a check 
on the data by the WSFOs. 

I I I. RESULTS OF PoP VERIFICATION 

Though the MAN/MOS PoP verification is continuing, this Technical 
Memorandum wi I I I imit discussion to the two complete forecast terms 
avai !able: cool season 75-76 consisting of 12,833 PoP forecasts between 
December I, 1975, and March 29, 1976; and warm season 76, with 20,229 
forecasts verified between March 29 and October 3, 1976. Since the 
results of the two seasons are quite similar, most of the discussion 
wi I I be I imited to the cool season results. 

Tables 3 and 4 present the final results of the cool- and warm­
season verifications. In the upper section of -the Tables, i-t can be 
seen that every WSFO improved on MOS in every period for both seasons. 
The average improvement over MOS was about 12% in the cool season and 
7% in the warm season. 

Note that the maximum improvement over MOS in both seasons is in 
the first period (18.7% for the cool season and I I .5% for the warm 
season). For the cool season the trend continues, with a 10.7% 
second-period improvement, and a 7.3% first-period improvement. In 
the warm season, the third period showed a greater improvement over MOS 
than the second period (5;3% to4.9%). It is: reasonable to infer from 
the above that' improvements over tVlOS are-more difficult to make in 
I anger ra.nge:-forecasts. 

A. C6mparison With Previous Years. 

Figure I is a bar graph of the cool season PoP verification for 
the Western Region for the years 1969 to 1976. The solid bars 
represent NMC guidance (~105 after 1972) and the horizontally 
hatched bars represent the WSFOs 1 improvemen-ts over climatology. 
Use of improvement over climatology gives a fixed standard of 
comparison; MOS is not a fixed standard because it has been 
improving wi-th time. 

The data from previous years wereobtained from a series of 
Technical Memoranda <Derouin and Cobb, 1970, 1971, 1972; 
Sadowski and Cobb, 1973, 1974) issued by Technical Procedures 
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MAN/MOS Final Results~ DeC. I Thru Mar. 29, 1976 
"--..... -

P[RJOO l PER 100 Z PER 100 3 
0 f(5T MOS J MPR /MOS N o FCST !:lOS IHPR/1:105 N o FCST M05 lHPR/MDS N 

5EA .)39 .)60 )3.4 476 .16ll .183 n.) 416 .160 .202 JJ .o 476 
801 .107 .117 8.8 4 76 • J ;t 7 .142 J 0. J 4 76 .136 .) 4 0 7.9 476 
~TF .l 00 .1 26 14 .o 4 76 .)26 .f39 9.0 476 -143 .]45 1 • ] 476 
POX .1 21 .149 t 9 .3 473 -}I, 5 .164 ) l • 9 476 .169 .Jill b.t. 476 
SFO -065 .JOO 35.) 4 76 .071 .096 )9.7 4 76 .067 .099 ) 2. 7 476 
lAX .033 .044 24.5 4 75 .01,4 .050 1 2 .1 4 76 .049 .056 J2 .3 416 
RNO .04 2 .053 20 .1 474 .047 .055 14 • J lt74 .058 .059 1 .3 474 
SLC .071 .092 l2 .b 473 .O?b .101 5 .2 473 .099 • 107 7. J 473 
PHX ... 055 .069 20.6 4 76 .Ob9 • 077 )0.6 4 76 .079 .002 3 .b 476 

TOTAL .082 .1 OJ I 10.7 I 4275 .100 .JI2' I 0. 7 4279 .1 JJ .JZO 7.3 I 4Z79 
OOQO~OOQQO*CO~OQO¢CQQQCQQQQCQQC000000000COQOQQQOQO*~OQOQQQQOQQOCQQQQOQQQQQCQQQQOQQQQOQQQQQOQQQOOQC 

h'SFU STJINOJNGS 
Pf:RIOD J PfRIOO 2 PER roo 3 

1 .SfO 1 SFO J SFO 
2 LAX 2 RNO 2 LAX 
3 SLC 3 lJIX 3 SEA 

I 4 P fiX 4 POX 4 nor 
()) 5 RNO 5PHX 5 SlC I 

6 PDX b 801 6 POX 
7 c; lF 1GTF 7 PHX 
8 5 EA 8 SEA 8 RNO 
9 llOI 9 SLC 9 G TF 

ooooooooooooooooooooooooooooooooooooooooooooooooooo~ooooooocoooooooooooooooooooooooooooo***ooooooo 

WSFO STANDINGS fTUTAL) 
RANK 5TA fP MUS HI/M IJS N 

J SFO .076 .098 22.6 1428 
2 LAX .042 .050 15.8 1427 
3 POX • ]4 5 .H5 12.2 1425 
4 RNO .(14 9 .\.156 ll.S 1422 
5 PHX .06 () .076 lJ .2 1426 
6 SLC .089 .100 11 .2 1419 
7 SEA .162 • ) 02 IO.!l l 4 2C 
8 ElOI .124 .13b ().9 14 28 
9 (jlf .126 .J 3 7 7 .8 1428 

llJTAl .098 -) i1 l1 .9 120)3 

Table 3. Final results of the MAN/MOS Program for the cool season, 1975-76. 
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'.':~~ ........... :.~ .•• "l.. - ....... -.;~·~ ......... ; ... , •• 

rwvr.us SCIENTIFIC SERVICES MM 29 THRU OCT 3 1976 -Fif~L- MTE 10/06176 
'· .,· ' ~ ;. 

Pl:.iUOLJ 1 PEHIOU 2 l'fHIOD 3 
*· FL~I ,,,():_, · lr·ii'H /t•:vs II • r c,T MOS" ll,i'H/f"'()S II * FCST MOS WPR/f·IOS II 

SU\ .lll.) .ll'J - }.),2 74u .120 .1?3 3.1 7 117 .132 .139 . 5. 0 7116 
uui ,Ubu .U9tl };>.,:;, 7119- .09!; .lllB <). 1 7'19 .106' .110 4.0 746 
Glf·. elL.1 ~!29 n . .J 75U .133 • 1'10 !.>.0 7~>(\ .146 .E,q 2.7 7411 
PuX ,UY4 .102 ·'{,If 75C:. • 1 0'.1 • 112 2.6 750 • tHl .1?5 5.~ 750 
Sl-'0 , U3•J .ll4l> 1 ~ •• 0 752 .()42 • ()114 5.3 7St .047 .054 ll.h 750 
LAX • U114 .u~o 1.~. !J 751 oll4!> • (JII9 ').0 7 119 .049 • IJ5'1 0.4 749 
I( I ~(J • li'ld .U5B p • .:. 750 ,()!:}3 • (J~)9 9.0 749 .056 .oo2 10.7 7'10 
SLC ,U"/7 • Ot30 It • ~ 75U , OB~: • Of1'1 1.7 750 .OEW .092 4.4 748 
PltX .u7J .u8J 12~'.1 750 .071.1 .001 2.7 749 .ORB .091 3.4 74U 

TuTAL ,U7J .uU5 11,5 6752 .OB4 .UII'J 4.9 674'1 ,092 .097 5.3 n733 

··················~···············~·································································· ·" i6FQ STMIOINGS '" . 
PEI<lOll l PERIOD 2 PERIOD 3 
. 1 RI·JO· 1 HOI 1 SFO 

2 SfY 2 IHIO 2 RNO 
J LAX 3 LAX 3 LAX 
4 St..A 4 5FO 4 PIJX 
~ YIIX 5 GTF !) SEA 
6 BOl 6 SEA 6 SLC 
·1 GTF 1 FHX 7 001 
b PUX 8 I'OX f\ PHX 
Y SLC 9 SLC 9 GlF 

•a••••••••••••!•*·~··i~r·•••••••••••••••••••••••••••••*****************•••••••••••••••••••••••******* 

WSFO STMJOINGS ITOTALI 
Hl\dl\ STA t'P MOS · l!..I/NOS N 

1 Ht!O .052 .060 i2.3 2247 
c. SFO ,IJIL) • OIH1 10.8 22!53 
3 LI\X .046 .n5t 10.2 2249 
-f bOI .097 .io$ fl.3 22'•4 
~ SEA .llB .1;?7 (h9 2241 
u PI IX .079 .085 6.3 2247 
7 GTF .1~1 .139 6.1 2240 
u PDX .107 •113 5.0 2252 
y ~-,Lc ,Uf\2 .oe:.· 3.6 22'18 

TUIAL , (JI\IJ ~.fl?l) 7.1 20229 

Table 4. Final results of the MAN/MOS Program for the warm season - 1976. 



Branch CTPB) of NWS. The data for 1973-1975 were obtained 
directly from magnetic tape from TPB. There is a difference 
in data between that obtained from TPB and that collected in 
the MAN/MOS Program Cthe TPB data had more stations for some 
WSFOs) but the large data sample and geographic balance in 
the MAN/MOS data selection makes the two samples comparable. 

The WSFOs have always done better than MOS, running about 
25% over climatology. By 74-75 MOS is also up to 25% 
improvement, with the WSFOs only sl ightty better. 

The effect of the MAN/MOS Program is evident in the 75-76 
season. Although MOS stayed near 25%, the WSFOs jumped to 
nearly 34% over cl imatotogy. This represents a significant 
jump in the accuracy of WSFO forecasting, as can be seen by 
comparison with previous years. 

The situation is simi Jar for alI three periods. Figure Sa is 
a graph of the improvement over climatology for the second 
period, and 5b shows the same for the third period. Both 
show a significant improvement in PoP forecasting in cool 
season 75-76. 

The abi I ity of WSFOs to improve over MOS in the third period 
is considered quite significant. Notice that in cool season 
75-76 the WSFOs had a greater improvement over climatology 
in the third period than MOS had in the second period. 

B. Results of 1976 Progressive Truncation Study. 

The Progressive Truncation Study done for the cool season 
75-76 is labeled 1976 in Figure 2. Notice that large 
values of allowed variation the improvement over MOS is 
about 12%, and as the WSFO PoPs are modified toward MOS 
they decrease monotonically. This means that, on the 
average, when the WSFOs departed significantly from MOS 
they were successful. There is a sharp contrast between 
1975, when the WSFO forecasts could be improved by modifica­
tion toward MOS, and 1976, when any modification toward MOS 
results in poorer forecasts. It is clear from the graph 
that the WSFOs were making much more effective use of MOS 
in 1976. 

The Progressive Truncation Study for Period 3 is given in 
Figure 3c. There is a slight improvement in the scores as 
they are modified toward MOS. Again, the comparison with 
the previous year is striking, indicating much more effec­
tive use and improvement on MOS. 
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IV. THE AVIATION VERIFICATION PROGRAM 

A. Description of Program. 

In addition to the·PoPs verification, a program was also conducted 
to verify and compare terminal forecasts CFTs) for eel I ings and 
visibi I ities with MOS. The program was voluntary for WSFOs; Table 
5 is a I ist of the seven (out of nine) WSFOs participating~ and the 
stations verified at each WSFO. An example of the verification 
form used is presented in Figure 6. The 10 GMT and 22 GMT forecasts 
are each verified three times daily for both cei I ings and visibi I i­
ti e.s. Because six-hour mu I tip I es are used, it a I I owed direct compa;;.." 
rison with MOS, unlike the National verification program. In this 
section the results of the complete program, wh~ch lasted from 
March I to December 31, 1976, are presented. 

WSFO 

Seattle·' 

Los Angeles 

San Francisco 

Reno 

Boise. 

Great Falls 

Portland 

TABLE 5 

OTHER STATION(S) 

Olympia, Washington 

San Diego, California 

Fresno, California 

Ely, Nevada 

Pocate I I o, Idaho 

Missoula, Montana 

Pendleton, Oregon 
Medford, Oregon 
Eugene, Oregon 

Table 5. The stations used in the MAN/MOS Aviation 
Verification. 

B.. Resu Its,. 

Table~6 presenti.a com~lete tab~lat1on of the results~ It conslsfs 
of four forecast and observed contingency tables; one each for the 
cei I ing and visibility for~ca~ts.of MOS and theFTs. The total 
number of forecasts verifi.ed for both MOS and FTs is 55,575, a 
large enough sample to lend credence to the results. 

I. Discussion of Contingency Tables. 

The superiority of FTs over MOS is evident in the contin­
gency tables. Consider, for example, the occurrences of 
Category I. When the cei I ing verified in Category I, it 
was forecast correctly 99 times versus 58 for MOS; more 
noteworthy' is the fact·that·the FTs observed Category I 
on 46 of their Category 5 forecasts versus 155 for MOS. 
In visibi I ity theFTs hit Category I correctly 229 times 
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Table 6. Final results of -!-he Aviation MOS Verification. "SCORE" is -!-he NWS 
Matrix Score as defined in Chapter C-73 of -!-he NWS Operations Manual. 



versus 99 for MOS; MOS had 237 five-category-busts, with 
only 91 such busts for the FTs. In the lowest three 
categories the FTs had 801 correct forecasts versus 337 
for MOS. 

2. Bias Characteristics. 

The biases of each forecast category are shown at the bottom 
of the columns in Table 6. Techniques Development Laboratory 
has recognized a problem with the bias characteristics of the 
MOS cei I ing and visibility forecasts (Crisci, 1976), and the 
problem is evident in this set. All the MOS biases for the· 
lower three categories are around .5 or less. In contrast, 
the lower category biases of the FTs are closer to I. A 
comparison of the 10 biases shows that only in one case 
(Category 4 of -visibi I ity) does MOS have a bias closer to 
I than the FTs. 

3. Score and Percent Correct. 

The "SCORE'' I isted in Tabl_e 6 is the NWS Matrix Score as 
defined. in Chapter G-73 of the NWS Open3ti ons Manua I • 
This score shows that FTs were a I itt I e over l% better 
than MOS. in cei I ing forecasting and .8% better in visibi­
lity forecasting. It is felt that the clear superiority 
of the FTs shown in the contingency tablej wJth only a 
neg! igible improvement in the NWS Matrix Score, imp! ies 
a weakness in the scoring system. 

For both tel I ings and visibilities MOS had a slightly 
greater percent correct. These figures are not consi­
dered too significant, however, because an exclusive 
forecast of Category 5 would ~ave given 90.37% correct 
for cei I ings and 91.8% correct for visibi I ities; both of 
these are better than MOS. 

V. CONCLUSIONS 

A. PoP Verification. 

The results of the MAN/MOS PoP verification support the following 
conclusions: 

1. The MAN/MOS Program was instrumental in bringing 
about a significant improvement in Western Region PoP 
forecasting. 

2. The WSFOs were able to use MOS more effectively 
as a result of the program. 

3. The methods of the program; such as the suggested 
forecast process and competition, were effective in 
bringing about improvements. 
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4. The WSFOs can significantly improve on MOS in 
alI three periods. 

5. MOS' future role should continue to be guidance. 

· 6. With MOS PoPs running only 25% over climatology, 
there is st i I I much room for improvement. 

B. Aviation Verification. 

The results of the cei I ing and visibi I ity verification support 
these conclusions: 

I. The FTs verified significantly better than MOS. 

2. The NWS Matrix Score is a poor standard of compa­
rison. Similarly, percent correct was not very 
meaningful due to the preponderance of Category 5. 

3. The five-category MOS cei I ing and visibi I ity 
forecasts were only marginally useful to aviation 
forecasters. 

The differences between the conclusions of the PoP verification 
and the Aviation verification are substantial. In PoP fore­
casting, the improvement of the WSFOs was made possible by more 
effective use of an excel lent product: the MOS PoPs. In contrast, 
the poor bias and generally poor performance of the MOS cei I ing 
and visibi I ity forecasts imp I ies they were not useful to help 
improve WSFO forecasts. 

In recognition of these problems, NWS has now switched to a six­
category forecast system which has been derived in a manner to 
improve bias characteristics (Crisci, 1976; TPB #180, 1977). 

C. General Conclusions. 

The important conclusions of the MAN/MOS Program are that it was 
effective in improving forecasting, and that WSFOs can sti I I make 
substantial improvements over MOS. 
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Figure I. A Comparison of Brier Score Improvement Over Climatology for PoP Forecasts Issued by Western Region 
WSFOs. 
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01\\' HR STA * PR HIp fp E.kR ~WS EkP~ PF.ECIP : p fRR MOS ERRI) PRECIP FP ERR MOS fRR o-

JAN 24 b SEA * NJ . "o 0 0 0* Nfl 0 0 0 0* NO 0 0 0 0* 
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JAN 27 b {,f(, * NO 0 0 20 4 >) tlll ~ 0 20 4>1' IW 10 1 10 J * 
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Figure 4. Example of the Forecast Tabulation Whicp Was Mailed to WSFOs Weekly. 



IMPROVEMENT 
OVER 
CLIMATOLOGY 

40•/a r I I I I 

r 

• 

t 
10% 

I I 

Vl estern Region Pop V crif ication 
c a' Cool Season - Period 2 

I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

FF' 
v1 

-
I I 

MOS -

-i 
I I I I I I I I I I I ' I 0% 

6"1-66 68-69 69-70 70-71 71-72 
YEARS 

12-73 73-74 74-75 75-76 

IMPROVEMENT 
OVER 
C L1 t.' :\ TOLOGY 

25% 

\\Testern Region Pop ··v-erification 
Cb) Cool Season - Period 3 

~·~~~~~~~~~ 

5%~-----+------+-----~------~------r------r------r------f 

68-69 69-70 71-72 
YEARS 
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Figure 6. An Example of the Data Collection Form Used in the Aviation 
Verification Program. 
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